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The human neuromuscular system has the ability to develop high forces in short time 59 intervals (1). It takes approximately 150 ms to reach high levels of force (>70% maximal 60 voluntary force) during a single-joint maximal voluntary isometric explosive contraction (7, 61 16, 30, 50) . Explosive force is commonly measured during specific time intervals from the 62 contraction onset or characterized by the slope of the joint torque-time curve (i.e., the rate of 63 torque development, RTD) during the first 200 ms of force generation (1). Over the past 64 decades there has been an increasing interest in the determinants of explosive force 65 especially in relation to the implications for enhancing athletic performance and for the 66 prevention of falls and injuries (1, 6, 30, 35, 42, 46, 50) . Moreover, the RTD has been 67 identified as an important parameter to detect changes in neuromuscular function in addition 68 to the maximal voluntary force (35) .
70
At the neuromuscular level, RTD is associated to the neural drive to muscles during the very 71 early phase (first ~50 ms) of the contraction (9, 12, 14, 30, 47) . The neural drive to muscles 72 is the ensemble of motor neuron action potentials that reach the muscle per unit time (24).
73
During rapid 'ballistic' contractions, the size principle of motor unit recruitment is maintained 74 (11) but the motor unit recruitment thresholds decrease and discharge rates increase 75 compared to slow-force contractions (12).
77
There is a strong association between the neural activity during the early phase of muscular 78 contraction (0-50 ms) and explosive force (1, 30, 46, 47, 50) . The greater RTD in the first 50 79 ms of the contraction observed in power athletes is partly associated to a greater EMG 80 amplitude with respect to controls (50). Moreover, twelve weeks of isometric explosive 4 from cross-sectional studies that compared trained individuals vs. a control cohort (29, 50) 85 relies on EMG features that are separated from the neural drive to the muscle (19, 54, 55) .
87
At the motor unit level, short-term ballistic training increased motor unit discharge rate of the 88 first four detected motor unit action potentials during isometric ballistic contractions (10).
89
Similarly, six week of strength training increased the motor unit discharge rate during 90 contractions at forces below 30% of maximum (57). It can be hypothesized that chronic 91 strength training involving explosive tasks may also results in a faster recruitment of larger, 92 fast-twitch motor units. A faster motor unit recruitment would increase the explosive force of 93 a muscle because the size of the motor unit (i.e. the recruitment threshold (33)) is associated 94 to the motor unit mechanical properties (peak force, force rise-time) (32, 52). However, direct 95 or indirect data on motor unit recruitment strategies in chronically resistance trained 
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There are methodological limitations in the identification of individual motor unit activities in 103 time intervals of 20-50 ms during explosive force contractions. However, it is possible to 6 enhancing strength and power. The individuals from the ST cohort also performed national 140 and international competitions that involved explosive tasks, such as volleyball (4 subjects), 141 javelin throw (1), boxing (1), karate (1). Controls were required to be involved in moderate to 142 light aerobic exercise less than twice per week and were not involved in any form of regular 143 strength or power training. All subjects were instructed to avoid strenuous exercise and 144 caffeine, respectively 48 and 24-hour prior to their visit to the laboratory. In the offline analysis, the analogue force signal was converted in N and multiplied by the 222 respective lever arm in order to obtain torque (N*m). Successively, the torque signal was 9 filtered with a low-pass fourth-order, zero-lag Butterworth filter with a cut-off frequency of 400 224 Hz. The torque onset (T 0 ) was determined with a visual detection method used in previous 225 studies (50). After the onset detection was found, the torque was filtered with zero-lag 226 Butterworth filter with a cut-off frequency of 20 Hz. This two-step filtering procedure allowed 227 to first detect precisely the onset of torque in the 400 Hz low pass filtered signal (51) 
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The absolute RTD during the initial phase (T 50 ) of the contraction was greater for the 310 resistance trained individuals than controls (861.82 ± 104.60 vs 342.05 ± 93.08 N•m•s -1 , 311 p<0.001; Fig 2A) . The absolute RTD over the consecutive time windows did not differ ( Fig   312   2A ). In addition, the normalized RTD was greater only in the first 50 ms of contraction for the 313 ST (887.66 ± 152.08 vs. 568.54 ± 148.66 %MVT•s -1 , p<0.001 %MVT•s -1 , p<0.001; Fig 2B) .
314
Conversely, the normalized RTD 50-100 and RTD 
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MFCV value consistently increased in the second-time interval (MFCV 0-50 ) (Fig 3, p<0.01 ).
328
This indicates recruitment of motor units with progressively larger diameter fibers with 329 increase in torque (37, 54, 55) , that is related to the progressive recruitment by size (33, 54).
330
However, the ST achieved a higher MFCV EMD compared to the controls (4.44 ± 0.13 vs 3.83 331 ± 0.20 m/s, p<0.001; Fig 3A) , even when MFCV EMD was normalized to MFCV MAX (82.57 ± 332 3.13 vs 75.86 ± 3.55 MFCV-rel EMD , p<0.001; Fig. 3B) and normalized MFCV estimates was correlated to RTD (Fig. 4 ; RTD and MFCV correlations 334 paragraph).
336
The ST cohort maintained a greater absolute and normalized MFCV value throughout the full 337 duration of the explosive contractions (p<0.001; Fig. 3A ). Interestingly the time-MFCV curve 338 had a similar pattern for the ST compared to the controls (Fig 3A-B) . MFCV indeed 339 increased linearly from EMD until reaching a plateau at MFCV 50-100 (p<0.001) for both groups 340 ( Fig. 3A-B ). This observation indirectly indicates that the muscle full motor unit recruitment 341 may have been completed before the first 100 ms of explosive torque production. 
419
Interestingly, the two groups showed similar EMD values, which is in accordance with a 420 previous study that compared the EMD in a power trained and untrained cohort (50). This 421 finding is however contradictory with a higher MFCV during the EMD. A higher absolute 422 MFCV value should theoretically anticipate the release of Ca 2+ and thus the rise in force.
423
However, these problematics may be related to the techniques employed in assessing the 424 delay between the neural and muscular apparatus. The EMD during explosive contractions 425 may not be sensitive to differences in neural activation due to a compressed recruitment (11, 426 56). We have recently shown, that when the electromechanical delay is assessed as the 427 time difference between the neural drive and force during the sustained contractions the 428 central nervous system modulates the delay broadly and according to the rate of force 429 development (56). Indeed, the neuromechanical delay seems to be predominantly influenced 430 by the type of recruited motor units and to the intrinsic properties of the motor neuron (5, 56).
431
Future studies assessing the neuromechanical delay in strength/power trained individuals 432 may be warranted.
434
MFCV increases with voluntary force production due to the relation between motor unit 435 recruitment thresholds and fiber diameter (4, 8, 31, 54) . This association implies that the 436 ordered recruitment of motor units may be assessed by estimates of conduction velocity 437 (55). We have recently reported that large, high-threshold motor units innervate fibers with 438 large diameter (54), which explains the association between motor unit mechanical In the present study, MFCV was the average of the conduction velocities of the active motor 445 units during explosive force contractions, in time intervals of 50 ms following EMG onset. We 446 showed that there may be significant differences in the recruited motor units during explosive 447 tasks in ST compared to moderately active individuals. Absolute MFCV values were greater 448 in ST throughout the full duration of the explosive contractions (Fig. 3.A) . Moreover, the early 449 absolute and normalized MFCV were positively associated to RTD (Fig. 4) . Because 
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However, when MFCV values were normalized to the maximal value during MVF (full motor 455 unit recruitment), ST had a significantly greater MFCV-rel during the initial phase of the 456 explosive contractions. Specifically, MFCV-rel EMD and MFCV-rel 0-50 were on average ~9% 457 greater ( Fig 4B) . This suggests that during the early phase of explosive force, ST have the 458 ability to recruit motor units with faster conduction velocities in a shorter time. It takes 459 ~100ms more for the controls to reach similar values of normalized MFCV compared to the 460 ST group. Interestingly, the changes in conduction velocity did not differ between groups 461 ( Fig. 4A-B ) and the MFCV plateaued in the interval 50-100 ms that can be interpreted as full 462 motor unit recruitment (55). This interpretation is in agreement with previous studies 463 reporting that most motor units are recruited at 1/3 of maximal force during explosive 464 contractions (11, 12). Moreover, MFCV increased in all subjects from the EMD to 0-50,
465
indicating that the ordered recruitment according to the size of the motor unit was preserved 466 during the explosive tasks in both groups.
468
The underlying mechanism that may determine an increase in explosive force for the ST 469 individuals may be an anticipated recruitment of high threshold motor units with high 470 conduction velocities. The difference between MFCV of high and low threshold motor units 19 environmental factors that contributed to the explosive force and MFCV differences found 501 between the cohorts. However, in the present study the trained individuals performed 502 combined strength and explosive training for more than three years. Recent evidence 503 showed a significant increase in explosive force production after twelve weeks of isometric 504 explosive training when compared to isometric sustained-contraction strength training (6).
505
The large differences in the early RTD for the trained subject in the present study may also 506 indicate that the neural contributors to explosive strength could be related to chronic 
